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PREFACE 


The  hydraulic  model  investigation  reported  herein  was  authorized  hy 
the  Office,  Chief  of  Engineers,  U.  S.  Army  (OCE),  on  20  June  1975,  at 
the  request  of  the  U.  S.  Army  Engineer  District,  Memphis. 

The  investigation  was  conducted  during  the  period  July  1975-May 
1976  in  the  Hydraulics  Laboratory  of  the  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES)  under  the  direction  of  Mr.  Henry  B.  Simmons, 
Chief  of  the  Hydraulics  Laboratory,  and  Mr.  John  L.  Grace,  Jr.,  Chief 
of  the  Structures  Division,  and  under  the  general  supervision  of 
Mr.  Joseph  P.  Bohan  and  Mr.  Noel  R.  Oswalt,  former  and  present  Chief, 
respectively,  of  the  Spillways  and  Channels  Branch.  The  engineer 
in  immediate  charge  of  the  model  was  Mr.  Peter  E.  Saunders,  assisted 
by  Messrs.  Bobby  P.  Fletcher,  Robert  Bryant,  Jr.,  and  Benjamin  E. 

Beard.  This  report  was  prepared  by  Mr.  Saunders. 

During  the  course  of  the  investigation,  Messrs.  C.  Thomas  and 
H.  Wardlaw  of  the  Memphis  District,  Joseph  Harz  of  the  Lover  Mississippi 
Valley  Division,  and  John  Robertson  of  OCE  visited  WES  to  discuss  the 
program  of  model  tests,  observe  the  model  in  operation,  and  correlate 
test  results  with  concurrent  design  work. 

Commanders  and  Directors  of  WES  during  the  conduct  of  this  inves- 
tigation and  the  preparation  and  publication  of  this  report  were 
COL  G.  H.  Hilt,  CE,  and  COL  John  L.  Cannon,  CE.  Technical  Director 
was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Sl) 
UNITS  OF  MEASUI^EMENT 


1 

H 


U.  S.  customary  units 

of  measurement  used 

in  this  report  can  be  con- 

verted  to  metric  (Sl) 

units  as  follows; 

Multiply 

By 

To  Obtain 

inches 

25. h 

millimetres 

feet 

0. 30U8 

metres 

miles  (U.  S.  statute) 

I.6093UU 

kilometres 

feet  per  second 

0. 30U8 

metres  per  second 

acres 

0.h0k6856 

hectares 

cubic  feet  per  second 

0.02831685 

cubic  metres  per  second 

gallons  (U.  S.  liquid) 
per  minute 

0.003785412 

cubic  metres  per  second 

pounds  per  square 
inch 

0.0703 

kilograms  per  square 
centimetre 

PUMPING  STATIONS  FOR  DRAINAGE  DISTRICT  NO.  17 
MISSISSIPPI  COUNTY,  ARKANSAS 


Hydraulic  Model  Investip:ation 


PART  I : INTRODUCTION 

The  Prototype 

1.  Drainage  District  No.  IT  is  located  in  Mississippi  County, 

Ark. , just  south  of  the  Missouri  State  line.  It  lies  6o  miles*  north 
of  Memphis,  Tenn. , and  is  bounded  on  the  east  by  Blytheville,  Ark.  The 
existing  flood  control  measures  within  Drainage  District  No.  IT  consist 
of  several  drainage  ditches  and  a 3T5-cfs-capacity  (l68,000-gpm)  pumping 
station  (Figure  l).  These  facilities  drain  an  area  of  about  21,250 
acres . 

2.  Drainage  District  No.  IT  is  subject  to  frequent  flood  damage, 
principally  in  the  form  of  crop  losses,  'rherefore,  improvements  have 
been  proposed  to  provide  greater  flood  protection  by  enlarging  and 
clearing  vegetation  in  several  miles  of  drainage  ditches  and  construct- 
ing an  additional  pumping  station  with  a TOO-cfs  ( 31^ ,000-gpm)  capacity 
to  pump  storm  runoff  into  the  state  line  outlet  channel. 

3.  The  proposed  pumping  station  will  be  located  90  ft  from  the 
existing  pumping  station  on  Ditch  No.  T1  (Plate  l).  The  proposed  sta- 
tion will  consist  of  three  vertical-shaft,  mixed- flow  pumps  operated  by 
diesel  engines.  Each  pump  will  have  a rated  capacity  of  233  cfs 

(lOU ,000-gpm)  at  25  ft  of  pumping  head  and  an  air-vented,  over-the- 
levee-type  discharge  line. 

Purposes  of  the  Model  Investigation 

U.  Pump  performance  can  be  adversely  affected  by  air  entrainment. 


J 


vortex  action,  and  uneven  flow  distribution  at  the  pump  intake.  These 

adverse  flow  conditions  can  result  in  cavitation,  vibration,  and  uneven 

stress  on  the  pump.  Some  of  the  causes  of  these  adverse  flow  conditions 

are  low  submergence  of  the  pump  impeller,  wave  action,  dissolved  air, 

J 2 

and  the  rotational  momentum  of  the  water  approaching  the  intake.  ’ 

5.  Studies  have  been  conducted  to  determine  the  optimum  shape  of 
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the  pump  intake  and  the  proper  distance  from  the  sump  walls.  How- 

ever, few  criteria  are  available  for  determining  the  nroper  design  of 
approaches  to  pump  intakes,  even  though  the  approach  design  is  critical 
to  pump  performance.  Because  of  this  lack  of  criteria  for  approach 
design  and  the  fact  that  the  pumps  and  motors  represent  a considerable 
portion  of  the  total  project  cost,  a hydraulic  model  investigation  of 
the  proposed  pumping  station  for  Drainage  District  No.  IT  was  deemed 
necessary. 

6.  The  investigation  was  conducted  to  determine  and  improve,  if 
necessary,  characteristics  of  flow  approaching  both  the  proposed  and 
the  existing  pumping  stations  for  various  combinations  of  pump  and  sta- 
tion operations  and  various  water  levels.  It  was  also  desired  that  con- 
struction of  the  proposed  station  and  its  operation,  either  independently 
or  in  conjunction  with  the  existing  station,  not  create  any  adverse  ef- 
fect on  the  existing  station.  In  addition,  the  model  was  to  be  used  to 
determine  the  riprap  requirements  upstream  of  the  pumping  stations  and 

to  determine  practical  design  changes  for  ensuring  satisfactory 
hydraulic  performance. 
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PART  II:  THE  MODEL 

Description 


T.  The  model  (Figure  2)  was  constructed  to  an  undistorted  linear 


Figure  2.  Overall  view  of  the  model  (original  design)  approach 

scale  ratio  of  1:12.  It  reproduced  approximately  UOO  ft  of  approach 
channel,  the  general  geometry  of  the  existing  pumping  station,  and  the 
detailed  geometry  of  the  proposed  pumping  station.  The  approach  chan- 
nel and  existing  pumping  station  (Figure  3)  were  constructed  of  plywood. 
The  proposed  pimiping  station  and  its  pump  intakes  (Figure  *4)  were  con- 
structed of  plastic  to  permit  visual  observation  of  flow  approaching 
and  entering  the  pump  intakes.  Trash  racks  were  simulated  with  a mesh 
formed  from  brass  rods. 

8.  Flow  through  the  simulated  pump  columns  was  recirculated  by 
individual  suction  pumps  in  both  stations.  Inflow  and  outflow  discharges 
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were  controlled  by  butterfly  valves  and  measured  with  calibrated  turbine 
flowmeters.  Pressure  fluctuations  on  the  floor  of  the  sump  directly 
underneath  the  proposed  pump  intakes  were  measured  with  15-psia  pressure 
cells  and  recorded  on  an  oscillograph.  Surface  and  subsurface  flow- 
patterns  were  observed  and  photographed  using  both  confetti  and  dye. 


Interpretation  of  Results 


9-  The  predominant  forces  affecting  flows  in  an  approach  channel 
and  pump  chambers  are  inertia  and  gravity.  Under  such  conditions,  hy- 
draulic similarity  between  model  and  prototype  requires  that  the  ratio 
of  inertial  to  gravitational  forces,  defined  as  the  Froude  number  of 
flo'w,  be  the  same  in  both  the  model  and  the  prototype.  Therefore,  the 
accepted  equations  of  hydraulic  similitude,  based  upon  the  Freudian 
criteria,  were  used  to  express  the  mathematical  relationships  between 
the  dimensions  and  hydraulic  quantities  of  the  model  and  the  prototype 
The  general  relat Ions  are  as  follows : 


Dimension 

Length 

Area 

Velocity 

Discharge 

Roui '.lines  s 


Ratio  Scale  Relation 


L = L 
r 

1:12 

A = 
r 

lilUh 

■r  = 

l:3.i<6l 

1:1+98.8 

1:1.513 

10.  The  predominant  force.:  -i'’f.-  ein('  pressure  flow  within  a con- 
duit are  inerti’t  -inu  viu;o;;ity,  -it.  i • -it-  r-i-_  io  in  rti-iL  force.-  t.. 
viscous  forces  (Re;, -noils  nu-:  n-i  ■•  lu-ti  in  moiei  -inJ  j rototyp“ 

if  the  ratio  of  model  -ind  prot  Jty;  i..  n criber  is  unit;.".  It  i.- 

impossible  to  preserve  liotii  i-rjiii-n.  a:.!  :-i;yn.!;ls  .;imii-iri*y  in  an  un- 
iistorted  ,-nodei  built  to  a pr-icti-’ii  .-’-i.,  'n'lii;'  tl.e  s-une-  fluid.  ■:  w- 
evi-r,  it  is  not  nn-cessary  t:.at  : n •.,  i.  i i.;  nuruier  of  flow  in  the 


\ 

i 

■ 

1 

i 
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model  equal  that  in  the  prototype,  provided  the  same  fundamental  char-  j 

acter  of  flow  is  preserved  in  the  model.  It  Renerally  suffices  that  | 

the  model  be  large  enough  to  ensure  fully  developed  turbulent  flow 
similar  to  that  which  will  exist  in  the  prototype. 

11.  Obviously,  flow  within  a pump  intake  is  influenced  by  iner- 
tial, gravitational,  and  viscous  forces.  Upon  entering  the  pump  column, 
the  predominant  forces  transition  from  the  inertial  and  gravitational  to 
the  inertial  and  viscous.  T.his  transitional  flow  condition  and  funda- 
mental character  of  flow  can  be  represented  in  a model  provided  it  is 
constructed  according  to  the  Freudian  criteria  for  similitude  and  is 
large  enough  to  ensure  fully  developed  turbulent  flow  within  the  model 

sump.  The  model  of  the  pumping  stations  in  this  investigation  produced 

4 

Reynolds  numbers  of  flow  greater  than  3 10  and  turbulent  flow  in  the 

approaclies  to  the  pumps.  This  size  model  is  considered  to  be  cap. able 
of  yielding  reliable  indications  of  prototype  behavior. 

t 
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PART  III:  TEST  RESULTS 


Method  of  Operation 

12.  The  proposed  pumping  station  (Plate  2)  will  consist  of  three 

pumps  operating  in  individual  sumps.  The  Invert  of  each  sump  will  be 
at  el  221*  with  each  pump  suction  bell  at  el  223.5.  Tlie  pumps  will  be 
started  manually  and  stopped  automatically.  It  is  planned  to  operate 
the  station  in  the  following  manner:  One  pump  will  be  started  when  the 

water  level  in  the  sump  reaches  el  229;  a second  pump  will  be  started 
when  the  water  level  reaches  el  230;  and  the  third  at  el  231.  All  pumps 
in  operation  will  be  stopped  when  the  water  level  drops  to  el  228. 

13.  Frequently,  only  one  pr  two  pumps  will  be  needed  to  reduce 
the  water  to  the  shutdown  level.  This  fact  makes  it  necessary  to  al- 
ternate pumping  cycles  so  that  there  will  be  equal  wear  on  all  pumps. 
Also,  there  will  be  a manual  override  to  the  automatic  shutdown  to  pre- 
vent the  pumps  from  shutting  off  due  to  waves  and  surges.  The  proposed 
station  will  be  able  to  operate  independently  or  in  conjunction  with  the 
existing  station. 

Original  Design 

1^4.  Photo  la  shows  flow  patterns  in  the  approach  channel  wit-h  the 
water  level  at  el  228  for  the  proposed  station  operating  independently. 
Photo  lb  siiows  both  stations  operating.  Photos  2a  and  2b  stiow  similar 
patterns  observed  with  ttie  maximum  anticipated  water  level,  of  235- 5. 

A large  counterclockwise  eddy,  formed  in  the  simulated  excavated  area 
in  front  of  and  between  the  pumping  stations,  caused  uneven  distribution 
of  flow  entering,  tiie  individual  sumps.  The  uneven  flow  produced  eddies 
and  dead  areas  in  the  irulividuai  sumps  as  well  as  vortexes  and  uneven 
pi’essur(.'  distribution  at  the  pump  int.ak(>s. 

15.  Vortex  formation  was  indicated  for  almost  all  combinations 


* All  elevations  (el)  cited  herein  are  in  feet  above  mean  sea  level 
(msl ) . 
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of  pomp  opei’ation  and  water  level  , and  most  of  the  voi’texes  visibly  eri- 
trained  air  from  the  surface  (Fifrure  5)  and  persisted  for  20  to  50  sec 
(prototyx>e  time)  before  breaking  up.  Location  and  strength  of  vortex 


i'  I • 


Figure  5-  Air-entraining  vortex 
in  original  design 

action  in  the  model  appeared  to  be  directly  relatt?d  to  the  di.stribut ion 
of  flow  entering  the  individual  sump.s  and  the  submergence  of  the  pum; 
intakes.  However,  the  largest  and  strongest  vortexe.s  occurred,  at  a 
mediuiTi  submergence  (sump  el  23.1  1 . This  phenomenon  is  attributed  to  tiic 
termination  of  tlie  baffle  wall  behiiui  e.ach  pumj'  intake  at  «>1  ."^dO  (wiiieh 
permitted  a sudden  increase  in  surface  area  wiien  tiie  water  level  wa;; 
above  el  230)  for  tliere  was  a greater  tendency  for  surface  od  iy  forria- 
tion  wittiin  the  sui:;p  with  .a  water  .-urfaee  elevation  of  .'31.  Tlie  stripe 

i:’ 


( 

cl 

h 

of  the  approach  channel  (aide  elopes  of  IV  on  2'd)  permitted  an  increased 
approach  surface  area  with  the  hif^her  statjes  and  sump  levels  and  thus 


also  contributed  to  vortex  foniiation. 

l6.  Pressure  readings  in  the  vicinity  of  pump  intakes  can  provide 

8 9 

useful  infonnation  for  evaluating  pumpin^r  station  desifjn.  Plate  3 

presents  typical  results  (in  prototype  dimensions)  obtained  from  pres- 
sure cells  located  on  each  sump  invert  directly  beneath  the  center  of 
the  pump  intake.  Plate  U demonstrates  the  range  of  pressure  fluctuations 
recorded  for  various  combinations  of  pump  operation  and  water  level. 
Appearances  and  disappearances  of  vortexes  did  not  correspond  to  the 
peaks  on  the  pi’essure  cell.'.  Despite  the  fact  that  ^pressure  fluctuations 
and  vortexes  were  caused  by  tlie  uneven  flow  distribution,  peak  pressure 
fluctuations  did  not  occ'ur  at  the  s-arrie  time  as  vortex  action. 


ce  2 Approach  Channel 


17-  To  elim.inate  the  large  eddy  in  the  approach  channel,  a divider 
berm  was  placed  between  the  two  pumping  stations  (Figure  6).  Also,  the 


baffle  wall  behind  the  pimp  intakes  was  raised  to  el  235.5.  The  result- 
ing flow  patterns  in  the  approach  channel  are  shown  in  Photos  3 and  I4. 

18.  Although  the  large  eddy  was  broken  up,  a strong  eddy  still 
developed  in  each  approach  and  caused  uneven  flow  and  vortexes  within 
the  individual  sumps.  Nevertheless,  the  vortex  action  within  the  in- 
dividual sumps  was  greatly  reduced  with  the  type  2 approach  channel. 
There  were  no  air-entraining  vortexes  of  the  same  magnitude  or  duration 
as  those  observed  with  the  original  design.  Again,  the  most  pronounced 
vortex  action  occurred  for  a sump  water  level  of  approximately  231. 

19.  A comparison  of  Plates  I4  and  5 indicates  that  no  significant 
improvement  in  pressure  fluctuations  was  obtained  with  the  type  2 ap- 
proach channel.  There  was  some  improvement  during  the  operation  of 
particular  individual  and  pairs  of  pumps,  but  pressure  fluctuations  in- 
creased with  operation  of  all  three  pumps.  Asymmetrical  flow  conditions 
approaching  the  pumping  stations  were  considered  the  ma.lor  factor  in 


producing  vortexes  and  pressure  fluctuations.  Tests  of  various  approach 
channel  designs  were  therefore  continued. 

Type  9 Approach  Channel 


20.  The  main  problems  encountered  in  the  approach  flow  were  sepa- 
ration of  flow  along  curves  in  the  approach  channel  and  in  the  transi- 
tions from  the  trapezoidal  channels  to  the  rectangular  pump  chambers. 
Previous  investigations  of  curved  channels  have  shown  that  geometric 
and  flow  discontinuities,  such  as  a sharp  drop  in  water  surface  eleva- 
tion along  the  inside  of  a curve,  can  lead  to  separation  of  flow  and 
formation  of  eddies. Current  design  guidance  indicates  that  the 

radius  of  a curve  in  an  open  channel  should  be  at  least  three  times  the 
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channel  width  to  prevent  separation,  erosion,  and  eddy  formation. 

Design  guidance  for  transitions  from  trapezoidal  to  rectanguiar  chan- 
nels'^ recommends  three  basic  designs,  terme<i  cylindrical  quadrant, 
warped,  and  wedge  transitions,  as  shown  in  Figure  7. 

21.  The  cylindrical  quadrruit  type  of  transition  was  selected  as 
the  most  practical  alternative  for  improving  tlie  design  of  tiie  approach 


WEDGE  WARPED  CYLINDRICAL  QUADRANT 

Figure  T.  Basic  designs  for  trapezoidal  to  rectangular 
channel  transitions 


channel  for  this  project.  The  design  developed  incorporated  such  a 
transition  from  the  approach  channel  to  the  sumps,  as  shown  in  Figure  8. 
The  32-ft-radius  cylindrical  quadrant  provided  satisfactory  flow  condi- 
tions at  the  pump  intakes  and  only  minor  surface  vortex  action  under 
all  operating  conditions. 


Figure  8.  Recommended  approach  channel  transition 


22.  The  existing  and  proposed  stations  operated  satisfactorily  for 
all  water  level  and  pump  operation  combinations  except  for  one 
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condition,  that  being  both  stations  operating  with  all  pomps  at  a sump 
water  level  of  231.  For  this  condition,  a vortex  formed  within  each 
proposed  station  sump.  These  vortexes  were  eliminated  by  modifications 
within  the  proposed  station  sumps  as  described  below. 

Modifications  Within  Sumps 

23.  Several  modifications  within  the  individual  sumps  were  tested, 
including  baffles  of  various  heights  at  different  locations,  guide  vanes 
modifications  of  the  trash  rack,  various  changes  in  the  sump  dimensions, 
and  coverging  side  walls.  The  most  effective  modification  was  the  in- 
stallation of  a transverse,  vertical  baffle  wall  one  and  one-half  bell 
diameters  upstream  of  the  center  line  of  each  pump.  This  wall  extended 
across  the  full  width  of  each  sump  to  alter  flow  above  el  230  (Figure  9) 
This  wall  created  a svirface  roller  that  eliminated  vortex  action 
(Photo  5).  The  vortexes  could  also  be  eliminated  by  lowering  the  entry 
gate  to  el  229.2  (Photo  6). 


Figure  9.  Recommended  locations  for  transverse,  vertical 
li'iffle  wall,  and/or  gate  opening  needed  to  eliminate  vor- 
tex action  at  sump  el  231 


Recommended  Pro.ject  Design 

2h.  The  final  recommended  channel  and  sump  designs  (Plates  6 and 
7)  Include  a divitier  berm  and  cylindrical  quadrant  transitions  in  the 
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approach  channel  (Type  9 approach  channel  design),  a vertical  extension 
of  the  baffle  walls  behind  the  pump  intakes  from  el  230  to  el  235*5, 
rounded  pier  noses  at  the  entrance,  and  baffle  walls  from  the  roof  of 
the  pump  chambers  to  el  230.  The  baffle  walls  from  the  roof  of  the 
pump  chambers  are  needed  to  prevent  the  air-entraining  vortexes  that 
appeared  very  infrequently  with  the  sump  water  level  at  el  231.  It  is 
possible  that  lowering  the  entry  gate  to  el  229.2  may  be  more  economi- 
cal than  installing  a permanent  baffle  wall  within  each  sump,  but  ad- 
verse flow  might  still  be  induced  with  improper  operations.  A compari- 
son of  the  pressure  fluctuations  observed  with  the  permanent  baffle 
wall  and  the  lowered  entry  gate  is  presented  in  Plate  8. 

25.  Flow  patterns  observed  with  the  recommended  design  are  shown 
in  Photos  7 and  8.  Some  improvement  in  flow  patterns  compared  with 
those  for  previous  designs  is  evident,  particularly  at  the  lower  water 
surface  elevations.  However,  these  seemingly  small  changes  in  the  flow 
patterns  greatly  reduced  the  pressure  fluctuations  (Plates  9 and  10 ) 
and  eliminated  vortex  action  except  for  the  one  condition  (sump  el  231) 
where  the  transverse,  vertical  baffle  wall  was  required.  Incorporation 
of  all  of  these  modifications  will  provide  satisfactory  approach  and 
sump  flow  conditions  in  both  the  proposed  and  the  existing  pumping 
stations . 


Protection  of  Approach  Channel 


26.  Velocity  measurements  were  taken  in  front  of  the  proposed 
pumping  station  and  at  the  iiose  of  the  divider  berm  to  determine  if 
channel  protection  was  needei.  Maximum  bottom  velocities  were  measured 
along  the  channel  invert  and  the  banks  (Plate  ll).  The  measurements 
indicate  that  a good  grass-,  nod  channel  will  be  sufficient.  However, 
an  analysis  should  be  made  of  the  soil  type  to  indicate  the  effects  of 
a rapid  drawdown  of  the  water  surface. 


Prototj 


Testing 


27.  Prototype  tests  of  the  proposed  pumping  station  will  be 
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conducted  in  the  future  by  the  U.  S.  Army  Engineer  District,  Memphis, 
and  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  to  verify  per- 
formance of  the  proposed  station  and  correlate  model  and  prototype  re- 
sults. Table  1 and  Plate  12  present  some  of  the  model  data  that  will 
be  compared  with  similar  prototype  data  (minimum  water  surface  eleva- 
tions indicated  by  piezometers  and  average  velocity  profiles  along  the 
center  line  of  each  pump  chamber  and  6 ft  either  side  of  the  center 
line).  Velocity,  pressure,  and  pump  discharge  measurements  will  be  made 
in  the  prototype. 
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PART  IV:  DISCUSSION 

28.  To  eliminate  vortex  action,  air  entrainment,  pressure  fluctua- 
tions, and  uneven  flow  distribution  at  the  pump  intakes,  the  flow  lines 
into  each  sxmp  should  be  parallel  with  the  sump  walls.  Ideally,  there 
should  be  a long  straight  channel  in  front  of  the  pump  chamber  and  a 

very  gradual  transition  from  the  channel  to  the  pump  chamber.  However , j 

this  situation  is  not  usually  economically  feasible.  Better  compliance 
with  hydraulic  design  criteria  for  flood-control  channels  should  pro- 
duce more  satisfactory  flow  conditions  at  pump  intakes. 

29.  Relatively  narrow  approach  channels  are  subject  to  surging 
when  pumps  are  turned  off  or  on.  The  diesel  engines  at  Drainage  Dis- 
trict No.  IT  will  be  capable  of  slowly  building  up  to  operating  speed 
and  should  prevent  any  tendency  to  generate  adverse  surges.  However, 
the  problem  of  surging  should  be  addressed  whenever  constant-sueed 
electric  motors  are  used  in  conjunction  with  a narrow  approach. 

30.  The  model  indicated  the  need  for  modification  of  both  approach 

channel  and  individual  sump  features  to  obtain  satisfactory  flow  condi- 
tions with  reasonably  uniform  distribution  of  velocities,  minimum  pres- 
sure fluctuations , and  little,  if  any,  rotational  flow  capable  of  gen- 
erating adverse  air-entraining  vortexes.  The  model  indicated  that  the  i 

proposed  pumping  station  should  not  adversely  affect  hydraulic  j 

performance  of  the  existing  station. 

I 

* 

■4 

1 

J 
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Table  1 


Minimum  Water  Surface  Elevation  Indicated  by  Piezometers  (in  feet) 
Reiative  to  Water  Surface  Elevation  in  Sump  with  Three  Pumps 
Operatirij.;  (Recommended  Design) 


Sump 

Sump 

Sump 

Sump 

Sump 

Piezometer* 

El 

El 

El 

El 

El 

No. 

228 

229 

230 

231 

235.5 

1 

-0.2 

-0.1 

-0.5 

-0.3 

-0.6 

2 

-0.2 

-0.1 

-0.l4 

-0.3 

-O.I4 

3 

-0.2 

-0.1 

-0.1 

-0.2 

-0.2 

1+ 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

5 

-0.2 

-0.1 

-0.2 

-0.1 

-0.1 

6 

-0.2 

-0.05 

-0.2 

-0.1 

-0.1 

7 

-0.2 

-0.05 

-0.2 

-0.1 

8 

+0.1 

+0.3 

-0.1 

-0.1 

-0.. 

9 

-0.1 

+0.  3 

-0.1 

-0.05 

-0.15 

10 

-0.2 

+0.1 

-0.1 

-0.05 

-0.1 

11 

-0.2 

+0.1 

-0.1 

-0.05 

-0.1 

12 

-0.2 

0.0 

O 

o 

1 

0.0 

-0.1 

13 

-0.1 

+0.2 

0.0 

+0.1 

-0.1 

lU 

+0.2 

+0.2 

0.0 

+0.1 

0.0 

15 

-0.1 

-0.1 

+0.05 

+0.1 

0.0 

l6 

-0.1 

-0.1 

+0.05 

+0.1 

0.0 

17 

+0.1 

-0.1 

+0.2 

+0.2 

0.0 

18 

+0.2 

-0.1 

+0.2 

+0.2 

0.0 

19 

+0.2 

+0.1 

+0.2 

+0.2 

+0.1 

20 

+0.2 

+0.1 

+0.2 

+0.1 

+0.1 

21 

+0.2 

+0.2 

+0.  3 

+0.2 

+0.2 

22 

-0.1 

-0.1 

-0.2 

-0.2 

-0.1 

23 

-0.1 

-0.1 

-0.2 

-0.2 

-0.1 

2k 

-0.1 

-0.2 

-0.15 

-0.2 

-0.1 

25 

-0.1 

-0.1 

-0.1 

-0.1 

0.0 

26 

-0.1 

-0.1 

( Continued ) 

-0.15 

-0.1 

-0.1 

Piezometer 

locationa  are 

shown  in  Pi  ate 

13. 
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Table  1 (Continued) 


Sump 

Sump 

Sump 

Sump 

Sump 

Piezometer 

El 

El 

El 

El 

El 

No. 

228 

229 

230 

231 

235.5 

27 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

28 

-0.1 

-0.1 

( — 1 

0 

1 

-0.05 

0.0 

29 

-0.1 

-0.3 

-0.3 

-0.2 

0.0 

30 

-0.1 

-0.3 

-0.3 

-0.2 

-0.1 

31 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

32 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

33 

-0.1 

-0.1 

1 — 1 

d 

1 

1 

0 

-0.1 

3i* 

0.0 

-0.1 

-0.1 

-0.1 

-0.1 

35 

0 

0 

-0.1 

-0.1 

-0.1 

1 — 1 

0 

1 

36 

0.0 

-0.1 

-0.1 

-0.1 

-0.1 

37 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

38 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

39 

-0.1 

-0.2 

-0.05 

-0.1 

1 

0 

i+0 

-0.1 

-0.1 

-0.1 

1 — 1 

0 

\ 

-0.1 

hi 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

1*2 

-0.1 

-0.1 

-0.1 

0.0 

0 

0 

1^3 

-0.1 

1 

0 

0 

-0.01 

-0.01 

-0.1 

1*U 

-0.1 

1 

0 

0 

H 

-0.01 

1 

0 

0 

H 

0.0 

1+5 

-0.1 

-0.01 

-0.01 

-0.01 

-0.1 

1*6 

+0.1 

+0.1 

+0.1 

+0.0 

+0.05 

1+7 

+0.1 

+0.1 

+0.1 

+0.1 

+0.0 

1*8 

+0.2 

+0.2 

+0.2 

+0.2 

0.0 

1+9 

+0.2 

+0.1 

+0.1 

+0.1 

+0.2 

50 

-0.2 

-0.2 

-0.1 

-0.1 

-0.1 

51 

-0.2 

OJ 

0 

1 

-0.1 

-0.1 

-0.15 

52 

-0.1 

-0.1 

0.0 

0.0 

-0.1 

53 

-0.1 

-0.1 

0.0 

0.0 

-0.1 

51+ 

-0.1 

-0.1 

0.0 

0.0 

0.0 

55 

-0.1 

-0.0 

0.0 

0.0 

0.0 

(Continued) 
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Table  1 (Concluded) 


Sump 

Sump 

Sump 

Sump 

Sump 

Piezometer 

El 

El 

El 

El 

El 

No. 

228 

229 

230 

231 

235.5 

56 

+0.1 

+0.1 

+0.1 

+0.1 

0.0 

57 

-0.3 

-0.5 

-0.6 

-0.2 

-0.6 

58 

-0.1 

-0.2 

-0.2 

-0.15 

-0.2 

59 

-0.2 

-0.2 

-0.2 

0.0 

-0.2 

6o 

-0.2 

-0.1 

-0.1 

-0.2 

-0.2 

6l 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

62 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

63 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

6U 

-0.1 

-0.1 

-0.1 

-0.1 

-0.2 

65 

-0.1 

-0.1 

-0.1 

-0.1 

-0.2 

66 

-0.1 

-0.1 

-0.1 

-0.1 

-0.2 

6t 

-0.1 

-0.1 

-0.1 

-0.1 

-0.2 

68 

-0.1 

-0.1 

-0.1 

-0.1 

-0.2 

69 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

70 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

71 

-0.2 

-0.1 

-0.1 

-0.1 

0.0 

72 

+0.1 

-0.1 

+0.1 

+0.1 

0.0 

73 

+0.1 

-0.1 

0.0 

0.0 

0.0 

+0.1 

+0.1 

+0.1 

-0.1 

0.0 

75 

+0.1 

+0.1 

+0.1 

-0.1 

0.0 

76 

+0.1 

+0.1 

+0.1 

-0.1 

0.0 

77 

+0.1 

+0.2 

+0.2 

-0.1 

0.0 

78 

-0.6 

-0.5 

-0.2 

-0.2 

-O.h 

79 

-0.2 

-0.2 

-0.1 

-0.1 

-0.3 

80 

-0.1 

-0.2 

-0.1 

-0.1 

-0.2 

81 

-0.1 

-0.2 

-0.1 

-0.1 

-0.2 

82 

-0.1 

-0.2 

-0.1 

-0.1 

-0.2 

83 

-0.1 

-0.2 

-0.1 

-0.1 

-0.1 

8U 

-0.1 

-0.2 

-0.1 

-0.1 

-0.1 
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PropOGed  station  operatinr  i ndeperidently 
in  arr roach  channel  ''tvr  e .-0  i rurr  ol  2 


urface  flow  above  el  1'30;  sump  el  231 


Photo  6 


Kntry  tnlv  lowered  to  el  PP<) 
rurr.'icc  flow;  .uimi'  cl 


a.  Projjosed  station  operatinp;  independently 
Photo  7.  Flow  patterns  with  recoiriir.ended  desiein;  sump  el  228  (sheet 
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In  accordance  with  ER  70-2-3,  paragraph  6c(l)(b), 
dated  15  February  1973,  a facsimile  catalog  card 
In  Library  of  Congress  format  Is  reproduced  below. 


S.nimlHrs,  Peter  R 

Pumping  stations  Tor  Drainage  District  No.  17,  Missi'- 
.sippi  Countv,  Arkansas;  hydraulic  miHiel  invest  igat  i(jn, 
hv  Peter  F,.  Snvmders.  Vicksburg,  U.  S.  Armv  Kngirieer 
Waterways  Kxperim€»nt  ‘Station, 

1 V.  (various  paging  s)  illus.  27  < m.  (1.’.  S.  Water- 
ways Kxperiment  Station.  Technical  report  H-77-12) 

Prepared  tor  V.  S.  Army  Fnginc'er  District,  Mempliis, 
Memph Is , Tenn . 

Includes  bihl iographv. 

1.  Drainage  District  No.  17.  2.  Hvdraulic  models. 

Open  channel  flow.  A.  Pumping  stations.  5 . Vortexes, 
i.  r.  S.  Armv  Kngineor  District,  Memphis.  (Series: 

D.  .S.  Waterways  Fxperimc-nt  Station,  Vicksburg,  Miss, 
rechnical  report  11-77-12) 
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